The present study is the first report of fingerprinting in blackflies (Diptera: Simuliidae), using inter-simple sequence repeat (ISSR) markers. Among five primers tested, three tetranucleotide repeat primers ((GACA)4, (ACTG)4, (ACAG)4) generated a high proportion of polymorphic bands. Seven species representing various genera, subgenera or species groups were compared. No similar profiles were found. Intraspecific and interspecific banding patterns were analysed for two species in the Prosimulium hirtipes (Fries, 1824) species group and four species in the Simulium variegatum (Meigen, 1818) species group. The UPGMA cluster analysis based on Jaccard's coefficient demonstrated the intraspecific and interspecific diversity and the resolving power of the ISSR markers to differentiate blackfly species and populations. In Simulium maximum (Knoz, 1961), geographically defined populations were successfully discriminated.
Introduction
A wide array of DNA marker techniques is available for genetic diversity studies. All DNA markers reflect differences in DNA sequences. Inter-simple sequence repeat (ISSR) PCR is a simple, cost-efficient, robust, multilocus marker method useful in determining genetic variability (Reddy et al., 1999) . This method takes advantage of the ubiquitously distributed simple sequence repeats (SSRs, microsatellites) in the eukaryotic genomes. The oligonucleotide primers complementary to microsatellite sequences are used to initiate PCR amplification of genomic segments flanked by inversely oriented, closely spaced repeats. The PCR products thus generate multilocus profiles, which can be analysed on agarose or polyacrylamide gels (Zietkiewicz et al., 1994) . In contrast to microsatellite markers, the ISSR method enables highly reproducible results to be obtained without prior DNA sequence information (Bornet & Branchard, 2001) .
ISSRs are widely used in plants for a variety of applications Leroy & Leon, 2000) , but they have been used in only several animal studies. ISSRs were studied in the rotifer Philodina spp. (Rotifera: Philodinidae) (Abbot, 2001) , shrimps (Crustacea: Decapoda: Natantia) (Hizer et al., 2002) , birds (King et al., 2002; Haig et al., 2003) , mammals (Glazko et al., 1999) and several insects. The results obtained in the studied insect groups (Diptera: Culicidae, Tachinidae; Lepidoptera; Hemiptera; Hymenoptera) indicate that different species (including closely related species) show different DNA profiles (Kostia et al., 2000; Abbot, 2001) . The intraspecific variability of the specific insect ISSR profiles has never been widely studied, but differences between individuals and populations have been found (Reddy et al., 1999; Luque et al., 2002) .
Blackflies (Diptera: Simuliidae), with about 1800 described species (Crosskey & Howard, 2004) comprise only a small portion of the known species of Diptera, however, their importance as bloodsuckers and disease vectors is high. Generally, they are a uniform group and morphological diversity between species is minimal (Crosskey, 1990) . In consequence, many taxonomic problems persist among blackflies, mainly at the species and infraspecies level. There has been a continuing need to search for further practical methods for species separation. In addition to traditional mor- phological methods, cytotaxonomic methods have become increasingly important, and they are effective in revealing numerous sibling species (Rothfels, 1979) . Most recently, several molecular methods have been used -DNA sequence analysis (e.g., the genes for 16S rRNA, NADH dehydrogenase subunit 4, cytochrome oxidase II, internal transcribed spacer of the RNA genes) (Tang et al., 1995; 1996; Kruger et al., 2000; Pruess et al., 2000) , RFLP (Zhu et al., 1998; Post et al., 2003) and microsatellite markers (Dumas et al., 1998) . In blackflies, molecular methods have not been used commonly for species identification. Existing molecular taxonomic studies were concerned mostly with the position and phylogenetic relationship of blackflies within the superfamily Chironomoidea and the study of the evolutionary trends within the family and solution of higher taxonomic units at the suprageneric level -mainly with the aim to identify basal lineages (Pruess et al., 1992; 2000; Moulton, 2000; 2003) . The second major trend among existing studies is the study of relationships among species (Post & Flook, 1992; Pruess et al. 1992; Brockhouse et al., 1993; Tang et al., 1995; 1996) , e.g. identification of cytospecies (Duncan et al., 2004) . In both areas, the sequencing of selected genes is dominant method. On the other hand, few studies have been concerned with the possibility of using simpler molecular methods (as ISSR) at the infraspecific level.
The ISSR markers have not been used in blackflies. The aim of this study was to demonstrate the possibility of the ISSR method to discriminate blackfly species and different populations within species.
Material and methods
Blackfly pupae from various localities in Slovakia were used (Table 1) . The material was fixed in 96% ethanol immediately after the collection. The extraction of the thoracic musculature was made in a drop of ethanol; each specimen was processed separately under sterile conditions. The sclerotised parts of the pupa were mounted in Canada balsam after the extraction; thus subsequent morphological study is possible. The material is deposited in the collections of Department of Zoology, Comenius University, Bratislava, Slovakia. Species were identified in accordance with the identification key of JEDLIČKA et al. (2004) . Simulium sp. aff. monticola is a species with unclear taxonomic status, similar to but differing from both S. monticola and S. maximum. It corresponds to the previously mentioned morphological form S. monticola 1 (KÚDELA & JEDLIČKA, 2002).
DNA extraction
Genomic DNA was obtained from muscle tissue of single pupae after lysis at 55 • C for 4-6 hours in 80 µL of buffer containing 100 mM Tris-HCl (pH 8.0), 100 mM NaCl, 50 mM EDTA, 0.5% SDS, and proteinase K in final concentration of 200 µg/mL. DNA was isolated by phenol-chloroform extraction and ethanol precipitation. DNA was diluted in 30 µL TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0).
ISSR-PCR
Non-anchored ISSRs were amplified with trinucleotide and tetranucleotide repeat primers (Gibco-BRL Life Technologies, USA) in 25-µL reaction mixture containing 1x PCR buffer (10 mM Tris-HCl pH 8.3, 50 mM KCl), 0.2 mM each of the 4 dNTPs, 2 mM MgCl2, 1 U of Taq polymerase (Takara Bio Inc., Japan), 50 pM of primer, and 1-2 µL of template DNA. After initial denaturation at 94 • C for 1 min, 30 cycles of denaturation (94 • C, 1 min), annealing (42 • C for (GATA)4, 52 • C for (GACA)4, (ACTG)4 and (ACAG)4 54 • C for (CAA)5) and extension (72 • C for 3 min) were performed, followed by a terminal prolonged extension step (72 • C for 7 min). PCR products (12 µL of reaction volume) were separated on 1.5% agarose gels and after staining with ethidium bromide were analysed using Vilber Lourmat system Bio-Capt V.10 and Bio-1D V.99 (France). Fragment sizes were estimated based on 100-bp ladder size standards (New England Biolabs, USA), according to the software algorithm. Each PCR reaction was repeated three times; no discrepancies among profiles were observed.
Data analysis
DNA fragment sizes were used to assign loci for each primer. Bands were scored as diallelic for each assigned locus (1 = band present; 0 = band absent). Bands representing fragments of equal size were excluded from the analysis, if they were faint in all specimens. A dendrogram was constructed by an unweighted pair groups method using average (UP-GMA) cluster analysis based on a Jaccard's coefficient, using SYN-TAX Ver. 5.0 (PODANI, 1993) . In this study, Jaccard's coefficient of similarity was chosen because only positive matches contribute to similarity, and this coefficient provides a more conservative result than some of the other similarity measures (WOLFE & LISTON, 1998) .
Results

Applicability of primers
Five primers, (CAA) 5 , (GACA) 4 , (ACTG) 4 , (ACAG) 4 and (GATA) 4 , were evaluated for their ability to produce polymorphic bands (putative loci) for a set of seven blackfly species (Prosimulium rufipes, S. costatum, S. lundstromi, S. erythrocephalum, S. maximum, S. equinum, S. balcanicum). The (CAA) 5 primer did not produce clear banding patterns, and a relatively high non-specific background was observed, even at the various annealing temperatures (50, 54, 58 • C). (GATA) 4 produced profiles in some species but not in others. These two primers were not further analysed. The other three primers produced interpretable and variable banding patterns (Figs 1-3) . The following analyses with these primers were focused on the variability in the P. hirtipes species group (P. hirtipes and P. rufipes) and S. variegatum species group (S. argyreatum, S. maximum, S. sp. aff. monticola, and S. variegatum) .
In contrast to Prosimulium spp., the (ACTG) 4 primer did not amplify ISSR in all samples of the S. variegatum group and was not analysed further in this group. Primers (GACA) 4 , (ACTG) 4 , and (ACAG) 4 yielded 14 to 26 bands per primer with fragment size ranging from 160 to 1700 bp.
Species discrimination
Great differences were found among species of the first set of seven blackfly species represented by single individuals (P. rufipes, S. costatum, S. lundstromi, S. erythrocephalum, S. maximum, S. equinum, S. balcanicum) . No identical or similar profiles were detected (data not shown). In the more comprehensively studied P. hirtipes species group, P. hirtipes and P. rufipes were successfully discriminated using primers (GACA) 4 , (ACAG) 4 , and (ACTG) 4 (Fig. 1) .
The 23 individuals of the S. variegatum group are divided into two large clusters at a dissimilarity level of 0.948 using Jaccard's coefficient (Fig. 4 ). Both clusters are divided into two subclusters, each corresponding to one of the species. One cluster consists of S. argyreatum and S. maximum (separated at a dissimilarity level of 0.938), the other of S. variegatum and S. sp. aff. monticola (separated at a dissimilarity level of 0.914).
Population discrimination
Intraspecific variability of ISSR profiles was studied in the P. hirtipes species group and S. variegatum species group. Considerable individual variability has been found in both groups and the amount of polymorphism detected was different for each primer. In P. rufipes, the (ACTG) 4 primer produced more polymorphic bands (e.g. 360 and 420 bp) than two other primers. In P. hirtipes the most polymorphic pattern was observed with the (ACAG) 4 primer (e.g. polymorphic bands of 750, 950, 1500 bp) (Fig. 1) . In S. variegatum, primers (GACA) 4 and (ACAG) 4 were tested in 23 individuals from geographically distinct populations (Figs 2, 3) . Primers produced ISSR bands ranging from 230 to 1400 bp, and 55 scorable polymorphic bands were detected. The UPGMA cluster analysis was based on pooled ISSR data, using Jac-card's coefficient ((GACA) 4 and (ACAG) 4 , 55 bands). More detailed insight on the situation in S. maximum indicates that the used primers discriminated the geographical populations. Individuals of S. maximum from three parts of the Western Carpathians (Table 1) are clustered (with the exception of the separately positioned individual No. 19) in accordance with their geographic origin (Fig. 4) . Populations from the Malá Fatra Mts. ) are discriminated at a dissimilarity level of 0.634 from the others. Populations from the Západné Tatry Mts. and the Veľká Fatra Mts. ) are discriminated at a dissimilarity level of 0.718.
Discussion
Results presented in this paper show that ISSR-PCR is a powerful technique for fingerprinting blackfly species. To our knowledge, this is the first report of ISSR markers in blackflies. Although ISSR loci are dominant rather than co-dominant, ISSR markers offer several advantages, the major one being the rapid production of a large number of markers in a cost-effective manner.
Polymorphisms revealed by the ISSR method can result from insertions or deletions within the genomic fragment flanked by microsatellites, or from single base differences in the priming region, which can be discriminated by dissimilar templates. The information content for this type of amplification assay is high because all these potential sources of polymorphism can be detected in the entire genome (Leroy & Leon, 2000) .
ISSR markers offer higher reproducibility than randomly amplified polymorphic DNA due to the use of longer primers and higher annealing temperature. The choice of primers used in ISSR amplification is critical for obtaining high levels of polymorphism. The PCR annealing temperature has a great impact on the pattern quality. In this study, temperature was chosen for each primer according to Bornet & Branchard (2001) . Although the annealing temperature used for the (CAA) 5 primer was much higher than the melting temperature, the profiles still contained high nonspecific background. Primers can produce ISSR pat-terns with different levels of polymorphism in various blackfly species. Koch et al. (1998) demonstrated false results in randomly amplified polymorphic DNA analysis in blackfly specimens contaminated with foreign DNA. They proposed the use of the head of larvae for sufficient DNA extraction. Similarly, ISSR-PCR does not use specific primers. Thus the presence of foreign DNA (from endoparasites or ingested biological material) coextracted with DNA from the target specimen could affect ISSR banding patterns. In this study, DNA was extracted from muscle tissue of single pupae. The risk of contamination of the pupal thoracic musculature with foreign DNA is minimal, because the pupa does not receive food, and risk of parasite contamination should be lower than in larvae (Crosskey, 1990) .
Capability of discrimination among geographically more or less isolated populations could contribute not only to the taxonomy but to the solution of some zoogeographical questions as well, mainly phylogeography, e.g. postglacial spread of species and forming of faunas (Taberlet et al., 1998) .
UPGMA dendrogram generated from pooled ISSR data obtained with (GACA) 4 and (ACAG) 4 primers clearly demonstrated distinct clusters of species in the S. variegatum species group. In S. maximum, with three analysed populations, diversity on a geographical principle was detected. In all cases, the species were discriminated at higher levels of dissimilarity than for populations. This indicates that the primers and methods used allow discrimination of taxa at various hierarchical levels. Questions concerning the geographically defined populations and the different level of their isolation are the subject of further study.
